The effects of active immunization against progesterone on reproductive activity were studied in Merino ewes. Immunization against progesterone caused a shortening (P < 0'01) of the interval between ovulations from 17-18 days (controls) to between 6 and 10 days (immunized group); this was associated with a corresponding reduction in the interval between LH surges. The immunized ewes also had higher (P < O· 05) ovulation rates (1' 72) than controls (I. 25) and exhibited a reduced (P < 0'01) incidence of oestrus (26% v. 95%). Many immunized ewes continued to ovulate despite the persistence of corpora lutea from earlier ovulations which led to an accumulation on the ovaries of many corpora lutea of different ages. The frequency of LH pulses in ewes immunized against progesterone (1'8 ± 0·2 pulses/4 h) was significantly (P < 0'001) higher than that of control ewes (0'3 ± 0·1 pulses/4 h). This study highlights the importance of progesterone in the control of oestrus, ovulation, ovulation rate, luteal regression and the secretion of LH in the ewe.
Introduction
Progesterone has been shown to perform a number of important functions in the ewe, including the preconditioning of the central nervous system to the oestrous-inducing properties of oestrogen (Robinson 1954) and controlling the time of ovulation; high concentrations of progesterone block the oestrogen-induced luteinizing hormone (LH) surge (Scaramuzzi et al. 1971) . Furthermore, the priming of anoestrous ewes with progesterone prior to the induction of ovulation by the introduction of rams ('ram effect') or using repeated injections of gonadotrophin releasing hormone (GnRH) ensures that the resulting corpora lutea do not regress prematurely (Cognie et al. 1982; McLeod et al. 1982) , implying some direct ovarian site of action of progesterone. Moreover, progesterone has also been shown to be involved in the control of the tonic secretion of LH (Goodman and Karsch 1980) and to prime the uterus for the release of prostaglandin (Scaramuzzi et al. 1977) .
Most of these functions of progesterone have been proposed from the results of experiments using hormone supplements or experiments using replacement therapy in ovariectomized ewes. An alternative approach would be to use active immunization to remove progesterone selectively from the circulation in ovary-intact ewes. In ewes so immunized we would expect to see short ovulatory cycles, an absence of oestrus and luteolysis and an increased release of LH. This study describes experiments to test these hypotheses.
Materials and Methods

Animals
Thirty mature anoestrous Merino ewes were selected for the study after laparoscopy had indicated that no corpora lutea were present on the ovaries. They were allocated into two groups of 20 and 10 * A preliminary account of part of this work was presented at a review symposium on research in sheep production held at Lome, Victoria, 16-18 December 1984.
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for immunization against either progesterone-lla-hemisuccinate-human serum albumin (progesterone-HSA) or human serum albumin (control-HSA) respectively.
Immunization
The primary immunization consisted of a 1· 5 mg steroid-protein conjugate which was dissolved in 1·5 ml of saline and emulsified with 1· 5 ml of Freund's complete adjuvant just prior to injection; 2 ml of this emulsion was injected intramuscularly at two sites (1 ml per site) and the remaining 1 ml was injected subcutaneously over six sites. After the primary injection, two booster injections, identical to the primary injection, were given 4 and 12 weeks later. A third booster injection was given 2 weeks before the start of experiment 2.
A blood sample was collected 7 days after each injection and the plasma was tested for its ability to bind labelled progesterone according to the method of Abraham (1974) . Briefly, the plasma was diluted to 1: 102, 1: 103, 1: 10 4 and 1: 10 5 and incubated overnight at 4°C with 20 pg of [I,2,6,7-3 H] progesterone. The antibody titre was defined as the dilution at which 50% of labelled progesterone was bound by the plasma.
Experiment 1: Ovarian Activity and Oestrous Detection
The experiment began 14 days after the second booster injection during the early breeding season (January). The ewes had their oestrous cycles synchronized with intravaginal pessaries impregnated with 60 mg of medroxy progesterone acetate (Repromap, Upjohn), a synthetic progestagen that exhibited low (0· 1 %) cross-reaction with the progesterone antibody. On the day of pessary withdrawal (day 0) the ewes received an injection of 250 p.g of a prostaglandin analogue (Estrumate, I.C.I.) to ensure complete luteal regression. The ewes were then placed with two harnessed vasectomized rams and checked for oestrous activity at 0800 and 1600 each day for the following 26 days.
On days 4, 6, 11, 14, 18, 21 and 26 after pessary withdrawal the ovaries of the ewes were examined by laparoscopy and the numbers of corpora lutea and corpora albicantica, their location on the ovaries and their estimated age were recorded. During laparoscopy the ovaries were also photographed using the method of King et al. (1980) to aid in the identification of new ovulations.
Experiment 2: LH Secretion
Fourteen days after the third booster injection (March) the oestrous cycles of the ewes were synchronized as described for experiment 1. Two ewes (one ewe from each group) had developed abdominal adhesions which prevented examination of the ovaries and were therefore excluded from experiment 2. Beginning at the time of pessary withdrawal (day 0) blood was sampled from all ewes every 4 h until day 10 and every 15 min for 4 h on days 5, 7 and 9. The concentrations of LH and the antibody titre were later measured. On days 5, 9 and 12 the number of corpora lutea and their estimated age were recorded at laparoscopy.
Radioimmunoassay of LH
Plasma concentrations of LH were measured using the previously described method of Martin et al. (1980) with CNRS-M3 (1·8 x NIH-LH-Sl; M. Jutisz, College-de-France) as the assay standard. In 14 assays the limit of detection was O· 3 ± 0·1 ng/ml. Six replicates of three pooled plasma samples containing 0·7 ± O· I, 2· 1 ± 0·2 and 2·8 ± 0·2 ng/ml of LH gave within-assay coefficients of variation of 15·6 ± 2·2, 8·2 ± 1·2 and 7·9 ± 1·3 % and between-assay coefficients of variation of 14·1, 9·0 and 8·5%. The antiserum (UWA.3B) exhibited minor cross-reactions with NIH-FSH-SI2 (0·9%), NIH-PRL-SI2 (0·2%), NlH-TSH-S8 (4·6%) and NlH-GH-S11 (1-3%).
Statistical Analysis
Pulses of LH were defined according to the previously validated definition of Martin et af. (1983) . In brief: (1) both the increase and the subsequent decrease in concentration had to exceed the sum of the assay errors appropriate for the concentration at the onset and the peak of the pulse; (2) the increase had to occupy no more than two sampling intervals and the decline had to begin within two sampling intervals of attainment of the peak. Data for pulse frequency and mean plasma LH concentration were analysed by logistic regression (McCullagh and Neider 1983) . Ovulation and oestrous data were analysed using a 2 x 2 contingency table and a ;-squared test for interaction (Snedecor and Cochran 1978) . Differences in the intervals between ovulations were tested using a Student's t-test. No significant binding of progesterone was detected in the control-HSA group (all titres < 1: 100).
Results
Immunization
Experiment 1
The mean time between pessary withdrawal and the onset of oestrus was 49·3 ± 8 h in the immunized group and 52·8 ± 9 h in the controls. In all, 75% (15/20) of ewes immunized against progesterone were detected in oestrus at the first ovulation; the incidence of oestrus was then reduced (P < 0'01) at the following three ovulatory cycles (Table 1) . 6'4±0'5** 9'9±0'8** 6'0±0'4**
The interval between ovulations was also significantly (P < O· 01) reduced by immunization.
All of the immunized ewes had ovulated by day 4 after pessary withdrawal. In one ewe twin corpora lute a regressed after 10 days and this ewe remained anovulatory for the remainder of the experiment. The remaining 19 ewes all ovulated for a second time by day 14. A further 13 of these ewes ovulated for a third time and 7 of these ewes had a fourth ovulation by day 26 (Table 1) . During the first, second and fourth ovulations ewes immunized against progesterone had significantly (P < O· 05) higher ovulation rates than control ewes (Table 1 ). All control ewes displayed normal oestrous behaviour and cycle length. Immunization against progesterone suppressed the incidence of luteal regression leading to an increase in the total number of luteal structures present on the ovaries (Table 2) . This resulted in an accumulation of many corpora lutea of different ages on the ovaries of immunized ewes. Of the 39 occasions where re-ovulation was observed in progesteroneimmune ewes, there were 30 occasions where ovulation had occurred in the presence of unregressed corpora lutea. During the 26 days of the experiment a total of 102 ovulations (two to four ovulatory cycles) were observed in the 20 ewes immunized against progesterone compared to 25 ovulations (two cycles) in the 10 control ewes (Table 2) . 
Experiment 2
All control ewes and 18/19 ewes immunized against progesterone ovulated within 3 days of pessary withdrawal but the ovulation rates were not statistically different (progesterone-HSA: 1· 5 v. control-HSA: 1· 22). By day 12, 10/18 ewes immunized against progesterone, but no controls, had ovulated for a second time (ovulation rate = 1'0) despite the persistence of the corpora lutea from the first ovulation. These 10 ewes also had the highest antibody titres against progesterone. A preovulatory LH surge was detected in all ewes which ovulated and a second LH surge was detected in the 10 immunized ewes which ovulated for a second time. The mean ± s.e.m. interval between the two surges was 152 ± 12 h (6· 3 days). Immunization against progesterone increased the frequency of LH pulses (P < 0·001) and the mean plasma concentration of LH (P < 0·05) but did not effect LH pulse amplitude ( Fig. 1 ; Table 3 ). Active immunization of ewes against progesterone increased the frequency of LH pulses 3-7 days after ovulation, a time of the oestrous cycle when the frequency of pulses would normally be low (Baird et af. 1976; Hauger et af. 1977) . Concentrations of progesterone similar to those found during the mid-luteal phase are capable of reducing LH pulse frequency in ovariectomized ewes during the breeding season (Goodman and Karsch 1980) , although at lower early luteal phase levels the presence of oestradiol is also required to suppress LH secretion (Martin et af. 1983 ). The present findings therefore, are consistent with the hypothesis that a reduction in the biological activity of progesterone in the circulation by the use of immunization has reduced the negative feedback action of progesterone on the hypothalamus.
In the ewe the concentration of progesterone decreases after luteolysis leading to an increase in the frequency of LH pulses (Hauger et af. 1977; Baird 1978) . This high frequency of LH pulsing stimulates the secretion of oestradiol required for positive feedback, the preovulatory surge of LH and ovulation (Baird 1978; Baird et af. 1981) . The LH pulse frequency in ewes immunized against progesterone was similar to that found during the early follicular phase of the oestrous cycle (Baird 1978) suggesting that these sheep were having repetitive follicular phases. The ovaries of these ewes were therefore under continual stimulation by LH allowing increases in the rates of follicular development and oestradiol secretion. Since there are low levels of biologically active progesterone in the circulation of the immunized ewes, positive feedback is not inhibited in these ewes (Scaramuzzi et aZ. 1971) and a second preovulatory surge was induced prematurely, which shortened the length of the ovulatory cycles. Short ovulatory cycles in ewes immunized against progesterone have also been observed by French and Spennetta (1981) and Scaramuzzi et af. (1984) .
Immunity to progesterone reduced, but did not eliminate, the incidence of behavioural oestrus. Since progesterone priming is facilitatory for oestrous behaviour and progesterone can block the oestrous-inducing effects of oestrogen (Robinson 1954) our results suggest that in some immunized ewes there was sufficient free progesterone to prime them for oestrus but insufficient to block ovulation. Alternatively, the receptors involved in oestrous behaviour may have a higher affinity for progesterone than those involved in positive feedback.
In the ewe the regression of the corpus luteum is caused by the release of prostaglandin F2a from the uterus (McCracken et af. 1973; Goding 1974) . The high number of new ovulations in ewes immunized against progesterone, despite the persistence of the corpora lutea from the previous ovulations, indicated that prostaglandin F2a was either not being synthesized and/or released. Since treatment of ovary-intact ewes with progesterone early in the oestrous cycle shortens the length of the cycle by advancing the release of prostaglandin F2a (Wodzicka-Tomaszewska et al. 1974; Ottobre et al. 1980) , and treatment of ovariectomized ewes with progesterone also increases the level of prostaglandin F2a (Scaramuzzi et al. 1977) , the present observations confirm that either the synthesis or the release of prostaglandin F2a depends on prior exposure of the endometrium to high concentrations of free progesterone.
Ewes immunized against progesterone had higher ovulation rates than control ewes confirming the results of Scaramuzzi et al. (1984) , although in the second experiment this difference was not significant, perhaps because of the lower titres, which at the start of the experiment were only 65% of those at the start of experiment 1. Higher ovulation rates have been observed in ewes immunized against oestradiol, oestrone and androstenedione (Van Look et al. 1978; Martin et al. 1979; Scaramuzzi et al. 1980) and it was thought that the increased ovulation rates were caused by the increased secretion of gonadotrophins observed in immunized animals (Martensz et al. 1976 Scaramuzzi et al. 1980) . Similarly, the increased release of LH after immunization against progesterone may play a role in regulating ovulation rate in these animals.
In conclusion, this study highlights the variety of control mechanisms of the oestrous cycle which directly involve progesterone. We have found that progesterone is important in the regulation of LH secretion, oestrous behaviour, oestrous cycle length and luteolysis. The results also suggest a possible role for progesterone in the control of ovulation rate, although the mechanism involved remains to be determined.
